Evolution of the gut microbiota and the influence of diet.
Diet is a major force that shapes the composition and activity of the gut microbiota. This is evident from alterations in gut microbiota composition after weaning or drastic dietary changes. Owing to the complexity of the microbiota, interactions of intestinal bacteria with the host are difficult to study. Gnotobiotic animal models offer the opportunity to reduce the complexity and the interindividual variability of the intestinal microbiota. Germ-free animals were associated with a simplified microbial community consisting of eight bacterial species, that are found in the human gut. These microbes were selected because their genome sequences are available, and they mimic to some extent the metabolic activity of the human gut microbiota. The microbiota responded to dietary modifications by changes in the relative proportions of the community members. This model offers the chance to better define the role of intestinal bacteria in obesity development, but little is known on how diet affects intestinal bacteria at the cellular level. Mice monoassociated with Escherichia coli were used as a simplified model to investigate the influence of dietary factors on bacterial protein expression in the intestine. The mice were fed three different diets: a carbohydrate (lactose)-rich diet, a protein-rich diet and a diet rich in starch. The lactose-rich diet led to an induction of proteins involved in E. coli's oxidative stress response (Fur, AhpF, Dps). The corresponding genes are under control of the OxyR transcriptional regulator which is activated by oxidative stress. Further experiments demonstrated that osmotic stress exerted by various carbohydrates leads to an upregulation of proteins belonging to the oxyR regulon. The data suggest that the upregulated proteins enable intestinal E. coli to better cope with diet-induced osmotic stress. These examples demonstrate that gnotobiotic animal models are a valuable tool for studying diet-induced changes at the community and the cell level.